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(57) ABSTRACT 

The invention is an automatic debris Separation System for 
effecting air Separation of fragmented materials, Such as 
size-reduced fiber feedstocks derived from textile wastes. 
The System uses high-velocity air within an elutriation 
assembly to efficiently remove ferrous and non-ferrous 
metal debris from recyclable polymer fibers. In particular, 
the System may employ automatic proceSS control Strategies 
to vary airflow within the elutriation assembly in proceSS 
controlled response to measured metal contamination, 
thereby ensuring that post-Separation metal contamination is 
maintained at or below an upper contamination limit. 

55 Claims, 1 Drawing Sheet 
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AUTOMATIC DEBRIS SEPARATION 
SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is related to commonly-assigned, 
concurrently-filed application Ser. No. 10/365,015 for a 
Method of Automatic Debris Separation, which is hereby 
incorporated entirely herein by reference. 

BACKGROUND OF THE INVENTION 

The invention relates to the efficient and cost-effective 
recovery of component materials from an unsorted or con 
taminated feedstock. The invention is especially useful for 
recovering polymeric material by removing metal debris 
from polymer fiber feedstocks, Such as from textile wastes. 

Textile manufacturers and Suppliers are continually chal 
lenged by the generation of textile waste, Such as waste 
carpet. Each year, large quantities of textile wastes are 
Simply landfilled. Disposing of textile wastes in this way is 
not only expensive, but also runs counter to increasing 
corporate emphasis on environmental Stewardship. In short, 
merely discarding textile wasteS precludes the recovery of 
useful component materials. 

The presence of tramp metal debris in textile wastes 
complicates recycling efforts. Coarse metal debris can dam 
age recycling equipment and So must be removed. This 
reduces recycling efficiency, frequently rendering recovery 
of the desired components too costly to be practical. 

Current processes for recovering textile Waste compo 
nents often require complicated and expensive integration of 
numerous unit operations, and yet achieve modest results. 
For example, typical processes employ magnets to remove 
tramp metal debris from textile wastes. In Some processes, 
this requires frequent proceSS Stoppages So that metal debris 
can be removed by hand. In other processes, the magnets 
have auto-clean mechanisms, but this often compromises 
performance. 

In addition, magnets effectively capture only ferrous 
metals. Thus, Some metal detectors employ integrated debris 
rejection devices that work on non-ferrous metal. Such 
detector-rejection devices, however, are not only expensive, 
but also complicated-establishing and maintaining a target 
sensitivity is difficult. Moreover, because recyclable mate 
rials (i.e., polymer fibers) become carryover losses with each 
detection-rejection Sequence, the size threshold that triggers 
detection must be set to limit product yield loSS. 
A need continues to exist for an efficient and cost-effective 

System for Separating and recovering the components of 
polymer fiber wastes Such that the recovered materials are 
Sufficiently uncontaminated to facilitate immediate recy 
cling. In particular, there is a need for a System to remove 
metal debris from all kinds of textile wastes, including waste 
carpet. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide an efficient System and process for recovering 
component materials from a contaminated feedstock. 

It is further an object of the present invention to provide 
an air classifier System and proceSS for recovering polymer 
fibers from a size-reduced textile feedstock. 

It is further an object of the present invention to provide 
an air classifier System and process that employs automatic 
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2 
process control Schemes to ensure that post-Separation con 
tamination is maintained at or below an upper contamination 
limit. 

It is further an object of the present invention to provide 
an air classifier System and process that manipulates airflow 
within an elutriation assembly in process-controlled 
response to measured metal contamination to ensure that 
post-Separation metal contamination is maintained at or 
below an upper contamination limit. 

It is further an object of the present invention to provide 
an air classifier System and process that employs high 
Velocity air to Separate feedstock components. 

It is further an object of the present invention to provide 
an air classifier System and proceSS for recovering polymer 
fibers from a contaminated polymer fiber feedstock to facili 
tate direct processing of the recovered polymer fibers. 

It is further an object of the present invention to lessen the 
environmental impact of disposing of textile wastes in 
landfills by providing an economically viable recycling 
method. 
The foregoing, as well as other objectives and advantages 

of the invention and the manner in which the same are 
accomplished, is further specified within the following 
detailed description and its accompanying drawing. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 Schematically depicts one configuration of the 
automatic debris Separation System. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is an automatic debris Separation 
System and proceSS for effecting density Separation of frag 
mented materials. This automatic debris Separation System is 
especially well-Suited for removing metal debris from inter 
mediate polymer feedstocks, Such as those resulting from 
the reclamation of carpet, yarns, and other textile wastes. 
Such feedstocks typically include metal debris that must be 
removed to preclude process upsets during polymer recla 
mation operations. 
The automatic debris Separation System efficiently 

removes metal contaminants (e.g., wire, Staples, rivets, 
tacks, or baling wire and bands) from reusable polymer 
fibers (e.g., polyester and nylon). Among other uses, the 
recovered polymer fibers may be melt-extruded and 
pelletized, or formed into filaments, Such as via melt 
Spinning. Pelletized polyester and nylon are especially use 
ful for engineering plastics or resins. In this regard, metal 
debris is an unacceptable defect in most engineering resins 
as it can obstruct die-mold gates. 
The automatic debris Separation System introduces a 

fragmented (e.g., size-reduced) material feedstock, Such as a 
polymer fiber feedstock derived from shredded carpet or 
other textiles (e.g., tow bands), into an elutriation assembly 
via a high-velocity air stream. The upward airflow within the 
elutriation assembly is sufficient to lift the feedstock's 
lighter materials through the top of the elutriation assembly. 
The denser debris, however, drops through the bottom of the 
elutriation assembly. In this way, metal debris may be 
removed from a polymer fiber feedstock. The automatic 
debris Separation System, while effective at removing metal 
contaminants from a fragmented feedstock, is not limited to 
removing metal-other kinds of contamination monitoring 
devices can be effectively employed. Moreover, additional 
elutriation assemblies may be used in Series to achieve 
additional Separation. 
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Those having ordinary skill in the art will appreciate that 
while a preferred embodiment of the automatic debris Sepa 
ration System recovers polymer fibers, it may be desirable to 
recover denser materials from a contaminated, fragmented 
feedstock. Recovery of a light fraction, a heavy fraction, or 
both is within the Scope of the invention. Accordingly, as 
used herein, the term “post-Separation contamination” can 
refer to residual contamination in either the light fraction or 
the heavy fraction, after the feedstock has been Subjected to 
air classification. 
The automatic debris Separation System preferably 

employs automatic process control Strategies to ensure that 
residual metal contamination is maintained at or below an 
upper contamination limit. The air classifier System prefer 
ably employs a controller that receives input Signals from a 
metal detector and sends control Signals to a control element, 
Such as a controllable bleed valve, to manipulate air Velocity 
within the elutriation assembly and thereby maintain the 
residual metal contamination in the recovered materials at or 
below a desired Set point. 

Residual metal contamination should be maintained "at or 
below a desired Set point because the air classifier System 
may have a maximum airflow-or maximum air Velocity. 
Particularly where the incoming feedstock has negligible 
contamination, attempting to maintain the residual metal 
contamination in the light fraction precisely at a Set point 
could require excessive and undesirable-if not 
unachievable-airflow within the elutriator. 

Those having ordinary skill in the art will appreciate that 
the concept of maintaining a controlled variable at a Set point 
embraces temporary deviations from that set point. For 
example, that residual metal contamination may exceed its 
Set point from time to time does not imply any failure to 
maintain residual metal contamination at or below a desired 
Set point. 

Those having ordinary skill in the art will further appre 
ciate that decreasing air Velocity within the elutriation 
assembly decreases material throughput and increases heavy 
fraction (e.g., metal) removal and, conversely, that increas 
ing air Velocity within the elutriation assembly increases 
material throughput and decreases heavy fraction (e.g., 
metal) removal. 

To illustrate, and without being bound by any theory, it is 
thought that metal debris drops from the elutriation assem 
bly when the air velocity (VA) within the elutriation assem 
bly falls below the critical velocity (V) of the metal 
debris, (i.e., VA.<V). Provided the airflow is Sufficient, 
polymer fibers, which are significantly lighter than metal 
debris, are carried upwardly though the elutriation assembly 
even though the air velocity within the elutriation assembly 
is less than the critical velocity of the metal debris (i.e., 
VA-V). In brief, the airflow within the elutriation assem 
bly is adjusted to make certain that metal debris SinkS and 
polymer fibers float. 

Abetter understanding of the automatic debris Separation 
system may be achieved by reference to FIG. 1. The air 
classifier System 10 employs an elutriation assembly, which 
itself includes a separation chamber 12 having a material 
inlet 13, a light-fraction material outlet 14, and a heavy 
fraction material outlet 16. The separation chamber 12, 
which is typically an extended cylinder or rectangular duct, 
is Substantially vertical. That is, the Separation chamber 12 
is oriented primarily upright. 

The air classifier system 10 further includes one or more 
fans 20 for transporting a fragmented material feedstock into 
and through the Separation chamber 12. To facilitate proceSS 
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4 
responsiveneSS and reduce equipment wear and tear, the one 
or more fans 20 preferably operate at Substantially constant 
speeds (i.e., RPMs). 

In a typical configuration of the air classifier System 10, 
a feed fan 20a is in communication with (i.e., connected to) 
the material inlet 13 of the separation chamber 12 via a 
feedstock conduit 23, and a separation fan 20b is in com 
munication with (i.e., connected to) the light-fraction mate 
rial outlet 14 of the separation chamber 12 via a light 
fraction conduit 22. The feedstock passes through the feed 
fan 20a before elutriation and through the separation fan 20b 
after elutriation. Stated otherwise, feedstock conduit 23 is 
connected to the discharge side of the feed fan 20a and the 
light-fraction conduit 22 is connected to the intake Side of 
the separation fan 20b. 
The feedstock conduit 23 may include a feed nozzle 25 at 

the material inlet 13 of the separation chamber 12. The feed 
nozzle 25 Somewhat decreases the air Stream Velocity at the 
Separation chamber 12. Similarly, the light-fraction conduit 
22 may include a hood 24 at the light-fraction material outlet 
14 of the separation chamber 12. The hood 24 smoothly but 
quickly increases air Stream Velocity from the Separation 
chamber 12 to the light-fraction conduit 22, thereby improv 
ing material discharge from the Separation chamber 12. 
The air classifier system 10 preferably employs automatic 

process control Strategies to ensure that residual contami 
nation in the recovered materials is maintained at or below 
an upper contamination limit. More specifically, the air 
classifier system 10 preferably includes at least one metal 
detector 30, which assesses either pre-separation metal con 
tamination or post-separation metal contamination, in auto 
matic process control communication with means for 
manipulating air Velocity within the Separation chamber 12. 

Metal detectors that detect and measure ferrous and/or 
non-ferrous metals are known to those having ordinary skill 
in the art. The preferred metal detectors 30 used in the 
automatic debris Separation System are capable of Sensing 
both ferrous and non-ferrous metals. Various metal detectors 
are available from Bunting Magnetics Co. of Newton, Kans. 

In a representative feedback control Scheme, an upwardly 
flowing air Stream within the Separation chamber 12 Sepa 
rates the material feedstock into a light fraction, which exits 
the Separation chamber 12 though the light-fraction material 
outlet 14, and a heavy fraction, which exits the Separation 
chamber 12 though the heavy-fraction material outlet 16. A 
metal detector 30b, located on the outlet transport line 26, 
measures the residual metal contamination in the light 
fraction and transmits, to a controller 31, measurement 
Signals indicating the metal contamination in the light frac 
tion. (Alternatively, the metal detector 30b may be located, 
for example, on the light-fraction conduit 22 or in the 
Separation chamber 12, near the light-fraction material outlet 
14.) The controller 31 compares the measured metal con 
tamination in the light fraction with a set point and decides 
how to adjust the control element (e.g., a controllable bleed 
valve 32) So as to maintain the metal contamination in the 
light fraction at or below the set point. Thus, the residual 
metal contamination in the light fraction is the controlled 
variable. The controller 31 then transmits control signals to 
the control element, which, in process-controlled response to 
the control Signals, adjusts the air Velocity within the Sepa 
ration chamber 12. Thus, air Velocity is the manipulated 
variable. 

Similarly, in a representative feed forward control 
Scheme, the metal detector 30a, located on the inlet transport 
line 21, measures pre-separation metal contamination in the 
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material feedstock and transmits, to a controller 31, mea 
Surement Signals indicating the metal contamination in the 
incoming material. The controller 31 decides how to adjust 
the control element (e.g., the controllable bleed valve 32) so 
as to maintain the residual metal contamination in the light 
fraction at acceptable levels. The controller 31 then trans 
mits control Signals to the control element, which, in 
proceSS-controlled response to the control Signals, adjusts 
the air velocity within the separation chamber 12. 
As will be appreciated by those of ordinary skill in the art, 

the feedback control Scheme is effective because the auto 
matic process control System responds whenever the post 
Separation metal contamination exceeds its Set point. In an 
automatic process control System that employs only feed 
back control, the post-Separation metal contamination must 
actually deviate from its desired Set point before the con 
troller 31 Signals the control element (e.g., the controllable 
bleed valve 32) to manipulate the air velocity within the 
Separation chamber 12. 
A feed forward control Scheme, however, measures dis 

turbances before elutriation (e.g., metal contamination in the 
incoming feedstock) and manipulates the air velocity within 
the Separation chamber 12 before the post-Separation metal 
contamination exceeds its Set point. Those of ordinary skill 
in the art will recognize that feed forward control is pref 
erably employed in conjunction with Some feedback control 
to ensure that the process control System can respond to 
disturbances besides contamination in the incoming feed 
Stock. 

For example, a preferred embodiment of the invention 
includes both feed forward and feedback control loops, 
which employ distinct contamination detectors (e.g., metal 
detectors 30a and 30b) to monitor both pre-separation 
contamination and post-Separation contamination. Those 
having ordinary skill in the art will recognize that only one 
controller 31 is typically necessary even where the air 
classifier System 10 uses more than one contamination 
detector. 

AS noted, a light fraction (e.g., polymer fibers) is the 
preferred recovered component. Nonetheless, the automatic 
debris Separation System may be employed Such that the 
heavy fraction (e.g., ferrous and non-ferrous metals) is the 
recovered component. For example, wire may be recovered 
from its plastic sheath insulation. 
Though monitoring residual contamination of the recov 

ered component facilitates feedback control, monitoring the 
non-recovered Stream, too, may be desirable. Monitoring 
both the light fraction and the heavy fraction can help ensure 
that losses of the recoverable component are not excessive. 
For example, where metal (heavy fraction) is the recovered 
component, measuring metal concentration in the light frac 
tion provides information regarding Separation efficiency. 
This can be used to analyze and adjust the System parameters 
to improve recovery efficiency. 
AS noted, the air classifier System 10 includes a contami 

nation detector in automatic process control communication 
with means for manipulating air Velocity within the Sepa 
ration chamber 12. Such air regulator means typically 
includes a controller 31 and a control element. The control 
element preferably is a device that can adjust air Velocity 
within the separation chamber 12 (e.g., a bleeder inlet valve, 
a fan Speed governor, or a mechanism for changing the 
cross-section of the separation chamber 12). 

The preferred control element, however, is a controllable 
bleed valve 32, especially where the air classifier system 10 
employs one or more fans 20 running at Substantially 
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6 
constant speeds. The controllable bleed valve 32 is prefer 
ably positioned at the light-fraction conduit 22 (i.e., before 
the separation fan 20b). Employing a controllable bleed 
Valve 32 enables the automatic debris Separation System to 
provide excellent responsiveness to both pre-separation and 
post-Separation disruptions, while permitting the fans 20 to 
maintain constant Speeds. 

For example, where the metal detector 30b is communi 
cation with the controllable bleed valve 32 via a feedback 
process control loop, the metal detector 30b measures the 
residual metal contamination in the light fraction after 
elutriation (e.g., recovered polymer fibers) and compares 
that measurement to a Set point. If the residual metal 
contamination exceeds the Set point, the control loop 
instructs the controllable bleed valve 32 to open. This causes 
the separation fan 20b to draw in outside air, thereby 
reducing the airflow (and air velocity) within the separation 
chamber 12. Decreasing air velocity within the elutriation 
assembly decreases material throughput and increases metal 
removal. 

Optionally, if the metal contamination falls below the set 
point, the control loop instructs the controllable bleed valve 
32 to close, thereby increasing the airflow (and air velocity) 
within the Separation chamber 12. This increases System 
throughput. In this way, a steady State process for removing 
metal debris from a polymer fiber feedstock can be achieved. 

Similarly, where the metal detector 30a is in communi 
cation with the controllable bleed valve 32 via a feed 
forward process control loop, the metal detector 30a mea 
Sures the metal contamination in the incoming feedstock 
(e.g., a polymer fiber feedstock) before elutriation and 
compares that measurement to a Set point. Referring to FIG. 
1, the metal detector 30a is typically positioned before the 
nozzle 25, either on the inlet transport line 21 (as shown) or 
on the feedstock conduit 23). If the metal contamination 
within the incoming feedstock exceeds expectations, the 
controller 31 instructs the controllable bleed valve 32 to 
open, thereby reducing the airflow (and air Velocity) within 
the Vertical Separation chamber 12. AS noted, decreasing air 
Velocity within the elutriation assembly decreases material 
throughput and increases metal removal. 

Optionally, if the metal contamination in the incoming 
feedstock is less than expected, the controller 31 instructs 
the controllable bleed valve 32 to close, thereby increasing 
the airflow (and air velocity) within the separation chamber 
12. Increasing airflow velocity may be desirable, for 
instance, to recover polymer fibers that would otherwise be 
discharged with the metal debris from the heavy-fraction 
material outlet 16. 

In one embodiment, the automatic debris Separation Sys 
tem is an air classifier System 10 that includes a separation 
chamber 12 having a material inlet 13, a light-fraction 
material outlet 14, and a heavy-fraction material outlet 16. 
The air classifier system 10 further includes air conveyance 
means (e.g., piping and one or more fans, blowers, or 
compressors) for transporting material into and through the 
Separation chamber 12, air regulator means for manipulating 
air Velocity within the Separation chamber 12, and a con 
tamination detector for assessing material contamination, 
Such as metal contamination. The contamination detector is 
in automatic process control communication with the air 
regulator means. 

In another embodiment, the automatic debris Separation 
System is an air classifier 10 System that includes a separa 
tion chamber 12 having a material inlet 13, a light-fraction 
material outlet 14, and a heavy-fraction material outlet 16. 
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The air classifier system 10 further includes a feed fan 20a 
that is in communication with (i.e., connected to) the mate 
rial inlet 13 of the separation chamber 12 via a feedstock 
conduit 23, and a separation fan 20b that is in communica 
tion with (i.e., connected to) the light-fraction material outlet 
14 of the Separation chamber 12 via a light-fraction conduit 
22. The air classifier system 10 also employs a controller 31 
that receives input signals from a metal detector 30 and 
sends control signals to a controllable bleed valve 32, which 
is positioned at the light-fraction conduit 22. The metal 
detector 30 may be positioned to measure either pre 
Separation or post-Separation metal contamination, Such as 
at the light-fraction conduit 22. Moreover, the metal detector 
30 may be in communication with the controllable bleed 
valve 32 via a feedback control Scheme or a feed forward 
control Scheme to maintain post-Separation metal contami 
nation at or below the desired Set point. 

It will be understood by those of ordinary skill in the art 
that where a consistent feedstock is available, the elutriation 
process parameters need not be continually adjusted. 
Accordingly, the need to implement automatic process con 
trol is diminished. Even in Such favorable circumstances, 
however, additional aspects of the present air classifier 
System 10 (e.g., increased air velocities) improve the 
removal of metal debris from a polymer fiber feedstock. 

In contrast to typical commercial elutriation Systems, the 
Separation chamber 12 possesses a relatively narrow croSS 
Section, which facilitates precise control of the desired 
Separation criteria and optimal debris removal. This may be 
expressed by ratioS of the cross-sectional area of the Sepa 
ration chamber 12 to that of the incoming feedstock conduit 
23, the outgoing light-fraction conduit 22, or both. To ensure 
consistent assessment of Such ratios, it is again noted that the 
feedstock conduit 23 connects the feed fan 20a to the 
Separation chamber 12, and the light-fraction conduit 22 
connects the Separation chamber 12 to the Separation fan 
2Ob. 

More specifically, the relationships between the Separa 
tion chamber 12 and the incoming feedstock conduit 23 
and/or the outgoing light-fraction conduit 22 can be 
described in reference to minimum, maximum, and average 
cross-sectional areas (e.g., via ratios). In this regard, those of 
ordinary skill in the art will know that volume divided by 
length defines average cross-sectional area. 

In one aspect of the automatic debris Separation System, 
the average croSS-Sectional area of the Separation chamber 
12 (i) is less than about twenty times the average cross 
Sectional area of the feedstock conduit 23 and/or (ii) is less 
than about twenty times the average cross-sectional area of 
the light-fraction conduit 22. Preferably, the maximum 
cross-sectional area of the separation chamber 12 (i) is less 
than about twenty times the minimum cross-sectional area of 
the feedstock conduit 23 and/or (ii) is less than about twenty 
times the minimum cross-sectional area of the light-fraction 
conduit 22. 

In another aspect of the automatic debris Separation 
System, the average croSS-Sectional area of the Separation 
chamber 12 (i) is less than about fifteen times the average 
cross-sectional area of the feedstock conduit 23 and/or (ii) is 
less than about fifteen times the average cross-sectional area 
of the light-fraction conduit 22. Preferably, the maximum 
cross-sectional area of the separation chamber 12 (i) is less 
than about fifteen times the minimum croSS-Sectional area of 
the feedstock conduit 23 and/or (ii) is less than about fifteen 
times the minimum cross-sectional area of the light-fraction 
conduit 22. 
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8 
In yet another aspect of the automatic debris Separation 

System, the average croSS-Sectional area of the Separation 
chamber 12 (i) is less than about ten times the average 
cross-sectional area of the feedstock conduit 23 and/or (ii) is 
less than about ten times the average cross-sectional area of 
the light-fraction conduit 22. Preferably, the maximum 
cross-sectional area of the separation chamber 12 (i) is less 
than about ten times the minimum cross-sectional area of the 
feedstock conduit 23 and/or (ii) is less than about ten times 
the minimum croSS-Sectional area of the light-fraction con 
duit 22. 

In yet another aspect of the automatic debris Separation 
System, the average croSS-Sectional area of the Separation 
chamber 12 (i) is less than about five times the average 
cross-sectional area of the feedstock conduit 23 and/or (ii) is 
less than about five times the average croSS-Sectional area of 
the light-fraction conduit 22. Preferably, the maximum 
cross-sectional area of the separation chamber 12 (i) is less 
than about five times the minimum cross-sectional area of 
the feedstock conduit 23 and/or (ii) is less than about five 
times the minimum cross-sectional area of the light-fraction 
conduit 22. 

In yet another aspect of the automatic debris Separation 
System, the average croSS-Sectional area of the Separation 
chamber 12 (i) is less than about three times the average 
cross-sectional area of the feedstock conduit 23 and/or (ii) is 
less than about three times the average cross-sectional area 
of the light-fraction conduit 22. Indeed, the maximum 
cross-sectional area of the Separation chamber 12 (i) may be 
less than about three times the minimum croSS-Sectional area 
of the feedstock conduit 23 or (ii) may be less than about 
three times the minimum cross-sectional area of the light 
fraction conduit 22. 
AS used herein, when describing the ratio of croSS 

Sectional area of the Separation chamber to the croSS 
Sectional area of the feedstock conduit 23 or the croSS 
Sectional area of the light-fraction conduit 22, the 
conjunction “or' is used to embrace one or both alternatives. 
A prototype air classifier 10 according to the present 

invention employs a uniform separation chamber 12 (26 
inch by 14-inch) having a cross-sectional area of about 2.5 
Square feet. In contrast, a conventional elutriator of Similar 
throughput capacity might have a cross-sectional area of 
nearly Seven Square feet of more. 

In one configuration, the feedstock conduit 23 is formed 
of a six-inch pipe, which has a croSS-Sectional area of about 
0.20 square feet, and the light-fraction conduit 22 is formed 
of a Seven-inch pipe, which has a cross-sectional area of 
about 0.27 Square feet. Consequently, the ratio of the croSS 
Sectional area of the Separation chamber 12 to that of the 
incoming feedstock conduit 23 is less than 13 and the ratio 
of the croSS-Sectional area of the Separation chamber 12 to 
that of the outgoing light-fraction conduit 22 is less than 10. 
These ratios are believed to be lower than those describing 
conventional elutriation Systems, where ratios greater than 
25 are typical. 

In another configuration, the feedstock conduit 23 is 
formed of a 16-inch pipe, which has a cross-sectional area 
of about 1.4 Square feet, and the light-fraction conduit 22 is 
formed of a 12-inch pipe, which has a cross-sectional area 
of about 0.79 square feet. Consequently, the ratio of the 
croSS-Sectional area of the Separation chamber 12 to that of 
the incoming feedstock conduit 23 is about than 1.8 and the 
ratio of the cross-sectional area of the Separation chamber 12 
to that of the outgoing light-fraction conduit 22 is about 3.2. 
These ratios are believed to be substantially lower than those 
describing conventional elutriation Systems. 
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In the latter configuration, the air classifier System 10 
removed between 91 and 100 percent of larger debris (i.e., 
Screened by more than a 0.25-inch Screen) and between 
about 82 and 92 percent of smaller debris (i.e., screened by 
more than a 0.093-inch Screen but less than a 0.25-inch 
Screen). Moreover, this configuration of the air classifier 
system 10 removed up to about half of the fines (i.e., 
screened by less than a 0.093-inch screen). 

Those of ordinary skill in the art will appreciate that 
where the separation chamber 12 is uniform (i.e., has a 
constant cross-sectional area), its maximum cross-sectional 
area is equivalent to its average cross-sectional area. 
Likewise, where the feedstock conduit 23 and light-fraction 
conduit 22 have constant cross-sectional areas, their respec 
tive minimum cross-sectional areas are equivalent to their 
respective average croSS-Sectional areas. Though the feed 
Stock conduit 23 and light-fraction conduit 22 typically 
consist of conventional piping having fixed constant croSS 
Sectional areas, the profile of the Separation chamber 12 may 
be varied to improve elutriation. Air stream velocity will 
increase, of course, as cross-sectional area decreases. 

Within the separation chamber 12, the air stream typically 
has an average Velocity of more than 500 feet per minute. 
Depending on the densities of the light fraction and the 
heavy fraction, average air Stream Velocities of more than 
1,000 feet per minute and even 2,000 feet per minute may be 
employed within the Separation chamber 12. For removing 
metal debris (e.g., Staples or baling wire) from polymer fiber 
feedstocks, the air Stream preferably has an average Velocity 
of between about 1,000 and 3,000 feet per minute within the 
Separation chamber 12. Most commercial elutriators employ 
air velocities that are substantially lower than 500 feet per 
minute. See e.g., U.S. Pat. Nos. 5,351,832 and 5,411,142 
(Abbott et al.). 
AS used herein, average Velocity refers to the mean 

Velocity for any period in which a feedstock is directed 
through the Separation clamber 12 via an air Stream. 

In other embodiments, the invention is an air classifier 
System 10 that includes a Substantially vertical Separation 
chamber 12 having a material inlet 13, a light-fraction 
material outlet 14, and a heavy-fraction material outlet 16. 
The air classifier system 10 further includes a feed fan 20a 
connected to the material inlet 13 of the Separation chamber 
12 via a feedstock conduit 23, and a separation fan 20b 
connected to the light-fraction material outlet 14 of the 
Separation chamber 12 via a light-fraction conduit 22. The 
feed fan 20a and the separation fan 20b together produce 
average air velocities of more than 500 feet per minute 
within the Separation chamber 12. In addition, the maximum 
cross-sectional area of the separation chamber 12 (i) is less 
than fifteen times the average croSS-Sectional area of the 
feedstock conduit 23 and (ii) is less than fifteen times the 
average cross-sectional area of the light-fraction conduit 22. 

Preferably, the maximum cross-sectional area of the Sepa 
ration chamber 12 (i) is less than ten times the minimum 
cross-sectional area of the feedstock conduit 23 or (ii) is less 
than ten times the minimum cross-sectional area of the 
light-fraction conduit 22. 
More preferably, the maximum cross-sectional area of the 

Separation chamber 12 (i) is less than five times the average 
cross-sectional area of the feedstock conduit 23 and (ii) is 
less than five times the average croSS-Sectional area of the 
light-fraction conduit 22. In this regard, the maximum 
cross-sectional area of the Separation chamber 12 (i) may be 
less than three times the average cross-sectional area of the 
feedstock conduit 23 or (ii) may be less than three times the 
average cross-sectional area of the light-fraction conduit 22. 
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These embodiments are useful where a stable feedstock is 

readily available and there is minimal need for automatic 
process control Systems. 
As noted, fiber tows are a Suitable textile feedstock. The 

fiber tows are usually baled with metal bands, which can 
contaminate the light fraction fibers. Before elutriation, the 
fibers in the tow are typically cut into lengths of four inches 
or less. Thereafter Screening using a 3-inch or Smaller 
Screen-preferably about a 1.5-inch Screen-yields a Suit 
able material feedstock. Those having ordinary skill in the 
art will appreciate that fibers of a foot or more (i.e., 
“stringers') will occasionally pass through the Screens. 
Nonetheless, the air classifier system 10 effectively handles 
these longer fibers. 

Another Suitable textile feedstock is carpet waste, which 
is often contaminated with metal debris (e.g., paperclips, 
Staples, and tacks). Carpet waste is typically available in 
rolls or otherwise oversized Scraps. The automatic debris 
Separation System, however, employs air classification, 
which requires a fragmented feedstock. Consequently, the 
carpet waste is Subjected to a mechanical size-reduction 
process to break down the carpet into its fibrous components 
(e.g., face fibers and olefin backing fibers). 

Size reduction may be effected by first shredding (e.g., 
ripping in a shredder) and, optionally, thereafter granulating 
the Shredded carpet waste. Carpet Shredding may employ 
any conventional Shredding equipment that can rip the 
carpet waste into coarse carpet Scraps. Such carpet Scraps are 
Screened to ensure that the target size reduction is achieved. 
A 3-inch or smaller screen-preferably about a 1.5-inch 
Screen-that is integrated into a shredder yields a Suitable 
material feedstock. 

If necessary, the Subsequent granulating of the Shredded 
carpet is preferably achieved by Subjecting it to a rotating 
blade granulator, which is characterized by rotating knives 
that integrate with Stationary bed knives. Those having 
ordinary skill in the art will be familiar with additional 
means to disintegrate the carpet waste into fibrous 
components, and Such means are within the Scope of the 
invention. See Perry and Green, Perry's Chemical Engi 
neers' Handbook S 20 (7th ed. 1997). Carpet size-reduction, 
which is a dry process, may be either a batch or continuous 
proceSS. 

In accordance with the foregoing, there are preferred 
methods of practicing the invention. In one Such 
embodiment, the fragmented material feedstock is intro 
duced into a Substantially vertical Separation chamber 12 
having an upper light-fraction material outlet 14 and a lower 
heavy-fraction material outlet 16. An upward airflow is 
directed within the Separation chamber 12 to Separate the 
material feedstock into a light fraction and a heavy fraction, 
whereby the light fraction exits the separation chamber 12 
though the light-fraction material outlet 14 and the heavy 
fraction exits the Separation chamber 12 though the heavy 
fraction material outlet 16. The material contamination, 
whether post-Separation or pre-separation, is continually 
assessed and, in proceSS-controlled response to this material 
contamination, the airflow within the Separation chamber 12 
is continually adjusted. 

Another preferred embodiment, which relates to the 
removal of metal contaminants from a fiber feedstock, 
includes continually introducing a fiber feedstock into a 
Separation chamber 12 via an air Stream that has an average 
velocity more than 500 feet per minute within the separation 
chamber 12. The fiber feedstock is thereby continually 
Separated into (i) a light fraction that exits the separation 
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chamber 12 though its light-fraction material outlet 14 and 
(ii) a heavy fraction that exits the separation chamber 12 
though its heavy-fraction material outlet 16. The method 
further includes measuring metal contamination and 
manipulating the air Stream Velocity within the Separation 
chamber 12 in response to the measured metal contamina 
tion. The fiber feedstock can include manufactured materials 
(e.g., polyester, nylon, acrylic, and/or polyethylene fibers) 
and/or natural materials (e.g., wool, Silk, or cotton and/or 
fibers). 

Yet another preferred embodiment, which likewise relates 
to the removal of metal contaminants from a polymer fiber 
feedstock, includes continuously introducing a polymer fiber 
feedstock into a separation chamber 12 via an air Stream that 
has an average velocity more than 500 feet per minute within 
the Separation chamber 12. Doing SO continuously separates 
the polymer fiber feedstock into (i) a light fraction that exits 
the Separation chamber 12 though its light-fraction material 
outlet 14 and (ii) a heavy fraction that exits the separation 
chamber 12 though its heavy-fraction material outlet 16. 
(The heavy fraction is typically metal debris.) The method 
further includes continually measuring metal contamination 
in the light fraction; transmitting, to a controller 31, mea 
Surement Signals indicating the metal contamination in the 
light fraction; transmitting, from the controller 31, control 
Signals to a control element (e.g., the controllable bleed 
valve 32) that manipulates air velocity within the separation 
chamber 12, and continually manipulating the air Stream 
Velocity within the Separation chamber 12 in proceSS 
controlled response to the control Signals. (AS noted, the 
controller 31 compares the measured metal contamination in 
the light fraction with a set point and decides how to adjust 
the control element So as to maintain the metal contamina 
tion in the light fraction at or below the set point.) This 
embodiment can further include continually measuring 
metal contamination in the polymer fiber feedstock and 
transmitting, to the controller 31, disturbance Signals indi 
cating metal contamination changes in the polymer fiber 
feedstock. 

With respect to these preferred process embodiments, the 
term “continuously is used in its conventional Sense to 
convey constant activity while the air classifier System is in 
use. The term “continually, however, is used to mean 
repeatedly, though not necessarily continuously. 
Accordingly, as used herein the term “continuously' is a 
Subset of the term “continually.” 

For example, the phrase “continuously measuring metal 
contamination' is intended to convey to those having ordi 
nary skill in the art that the measurement of metal contami 
nation is more than recurrent (i.e., essentially constant) 
while the air classifier System is in use. In contrast, the 
phrase “continually measuring metal contamination' is 
intended to convey to those having ordinary skill in the art 
that the measurement of metal contamination is at least 
recurrent (and possibly continuous), but more than sporadic, 
while the air classifier System is in use. The concept of 
“continually measuring” would embrace, for example, 
repeated measurements once every 30 Seconds. 

In the Specification and drawing typical embodiments of 
the invention have been disclosed. Specific terms have been 
used only in a generic and descriptive Sense, and not for 
purposes of limitation. The Scope of the invention is Set forth 
in the following claims. 
What is claimed is: 
1. An air classifier System, comprising: 
a Substantially vertical Separation chamber having a mate 

rial inlet, a light-fraction material outlet, and a heavy 
fraction material outlet; 
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12 
air conveyance means for transporting material into and 

through Said Separation chamber; 
air regulator means for manipulating air Velocity within 

Said Separation chamber; 
a first contamination detector for assessing post 

Separation contamination, Said first contamination 
detector in automatic proceSS control communication 
with Said air regulator means, and 

a Second contamination detector for assessing pre 
Separation contamination, Said Second contamination 
detector in automatic proceSS control communication 
with Said air regulator means. 

2. A System according to claim 1, wherein Said first 
contamination detector comprises a metal detector for 
assessing post-Separation metal contamination. 

3. A System according to claim 1, wherein Said air 
conveyance means comprises one or more fans that produce 
average air velocities of more than about 500 feet per minute 
within Said Separation chamber. 

4. A System according to claim 1, wherein Said air 
conveyance means comprises one or more fans that produce 
average air velocities of between about 1,000 and 3,000 feet 
per minute within Said Separation chamber. 

5. A System according to claim 1, wherein Said air 
conveyance means comprises one or more fans that operate 
at Substantially constant Speeds. 

6. A System according to claim 5, wherein Said air 
regulator means comprises a controllable bleed Valve. 

7. A System according to claim 1, wherein Said air 
conveyance means comprises a feedstock conduit in com 
munication with Said material inlet of Said Separation cham 
ber and a light-fraction conduit in communication with said 
light-fraction material outlet of Said Separation chamber, 
wherein the average cross-sectional area of Said Separation 
chamber (i) is less than about ten times the average cross 
Sectional area of Said feedstock conduit and (ii) is less than 
about ten times the average cross-sectional area of Said 
light-fraction conduit. 

8. A System according to claim 1, wherein Said air 
regulator means comprises a controller. 

9. A System according to claim 1, wherein Said air 
conveyance means comprises a feedstock conduit in com 
munication with Said material inlet of Said Separation cham 
ber and a light-fraction conduit in communication with Said 
light-fraction material outlet of Said Separation chamber, 
wherein the maximum cross-sectional area of Said Separa 
tion chamber is less than five times the minimum croSS 
Sectional area of Said feedstock conduit. 

10. A system according to claim 9, wherein said air 
regulator means comprises a controllable bleed valve posi 
tioned at Said light-fraction conduit. 

11. A System according to claim 1, wherein Said air 
conveyance means comprises a feedstock conduit in com 
munication with Said material inlet of Said Separation cham 
ber and a light-fraction conduit in communication with Said 
light-fraction material outlet of Said Separation chamber, 
wherein the maximum cross-sectional area of Said Separa 
tion chamber is less than five times the minimum croSS 
Sectional area of Said light-fraction conduit. 

12. A System according to claim 11, wherein Said air 
regulator means comprises a controllable bleed valve posi 
tioned at Said light-fraction conduit. 

13. A System according to claim 1, wherein Said air 
conveyance means comprises a feedstock conduit in com 
munication with Said material inlet of Said Separation cham 
ber and a light-fraction conduit in communication with Said 
light-fraction material outlet of Said Separation chamber, 
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wherein the maximum cross-sectional area of Said Separa 
tion chamber (i) is less than five times the minimum cross 
Sectional area of Said feedstock conduit and (ii) is less than 
five times the minimum cross-sectional area of Said light 
fraction conduit. 

14. A System according to claim 13, wherein Said air 
regulator means comprises a controllable bleed valve. 

15. A System according to claim 1, wherein Said Second 
contamination detector comprises a metal detector for 
assessing pre-separation metal contamination. 

16. An air classifier System, comprising: 
a separation chamber comprising a material inlet, a light 

fraction material outlet, and a heavy-fraction material 
outlet; 

one or more fans for transporting material into and 
through Said Separation chamber; 

air regulator means for manipulating air Velocity within 
Said Separation chamber; and 

a metal detector for assessing metal contamination, Said 
metal detector in communication with Said air regulator 
means via an automatic process control Scheme. 

17. A System according to claim 16, wherein the Separa 
tion chamber is Substantially vertical. 

18. A System according to claim 16, wherein Said one or 
more fans maintain Substantially constant Speed. 

19. A System according to claim 16, wherein Said one or 
more fans produce average air Velocities of more than about 
1,000 feet per minute within said separation chamber. 

20. A System according to claim 16, wherein Said air 
regulator means comprises a controller. 

21. A System according to claim 16, wherein Said air 
regulator means comprises a controllable bleed Valve that 
regulates air velocity within said separation chamber. 

22. A System according to claim 16, wherein Said metal 
detector measures post-Separation metal contamination. 

23. A System according to claim 16, wherein Said metal 
detector measures pre-separation metal contamination. 

24. A System according to claim 16, wherein Said metal 
detector is in communication with Said air regulator means 
via a feedback control Scheme. 

25. A System according to claim 16, wherein Said metal 
detector is in communication with Said air regulator means 
via a feed forward control Scheme. 

26. A System according to claim 16: 
wherein Said metal detector assesses post-Separation 

metal contamination; and 
further comprising a Second metal detector in communi 

cation with Said air regulator means via another auto 
matic proceSS control loop, wherein Said Second metal 
detector assesses pre-separation metal contamination. 

27. An air classifier System, comprising: 
a separation chamber having a material inlet, a light 

fraction material outlet, and a heavy-fraction material 
outlet; 

a feed fan; 
a feedstock conduit connecting Said feed fan and Said 

material inlet of Said Separation chamber; 
a separation fan; 
a light-fraction conduit connecting Said Separation fan and 

Said light-fraction material outlet of Said Separation 
chamber; 

a controllable bleed valve positioned at Said light-fraction 
conduit; 

a metal detector; and 
a controller that receives input Signals from Said metal 

detector and Sends control Signals to Said controllable 
bleed valve. 
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28. A System according to claim 27, wherein the Separa 

tion chamber is Substantially vertical. 
29. A system according to claim 27, wherein said feed fan 

maintains a Substantially constant speed. 
30. A System according to claim 27, wherein Said Sepa 

ration fan maintains a Substantially constant Speed. 
31. A System according to claim 27, wherein together Said 

feed fan and Said Separation fan produce average air Veloci 
ties of more than about 500 feet per minute within said 
Separation chamber. 

32. A System according to claim 27, wherein together Said 
feed fan and Said Separation fan produce average air Veloci 
ties of more than 1,000 feet per minute within said separa 
tion chamber. 

33. A System according to claim 27, wherein together Said 
feed fan and Said Separation fan produce average air Veloci 
ties of more than 2,000 feet per minute within said separa 
tion chamber. 

34. A System according to claim 27, wherein together Said 
feed fan and Said Separation fan produce average air Veloci 
ties of between about 1,000 and 3,000 feet per minute within 
Said Separation chamber. 

35. A system according to claim 27, wherein said feed 
Stock conduit further comprises a nozzle. 

36. A System according to claim 27, wherein Said light 
fraction conduit further comprises a hood. 

37. A system according to claim 27, wherein the maxi 
mum cross-sectional area of Said separation chamber (i) is 
less than about twenty times the minimum cross-sectional 
area of said feedstock conduit and (ii) is less than about 
twenty times the minimum croSS-Sectional area of Said 
light-fraction conduit. 

38. A system according to claim 27, wherein the maxi 
mum cross-sectional area of Said separation chamber (i) is 
less than about fifteen times the minimum cross-sectional 
area of said feedstock conduit and (ii) is less than about 
fifteen times the minimum cross-sectional area of Said 
light-fraction conduit. 

39. A System according to claim 27, wherein the average 
cross-sectional area of Said separation chamber (i) is less 
than about ten times the average cross-sectional area of Said 
feedstock conduit and (ii) is less than about ten times the 
average cross-sectional area of Said light-fraction conduit. 

40. A system according to claim 27, wherein the maxi 
mum cross-sectional area of Said separation chamber (i) is 
less than five times the minimum croSS-Sectional area of Said 
feedstock conduit and (ii) is less than five times the mini 
mum cross-sectional area of Said light-fraction conduit. 

41. A System according to claim 27, wherein the average 
cross-sectional area of Said separation chamber (i) is less 
than three times the average croSS-Sectional area of Said 
feedstock conduit or (ii) is less than three times the average 
croSS-Sectional area of Said light-fraction conduit, or both. 

42. A System according to claim 27, wherein Said metal 
detector assesses metal contamination in the light-fraction. 

43. A System according to claim 27, wherein Said metal 
detector assesses metal contamination in the feedstock. 

44. A System according to claim 27, wherein Said metal 
detector assesses post-Separation metal contamination; and 

further comprising a Second metal detector in automatic 
process control communication with Said controllable 
bleed valve, wherein Said Second metal detector 
assesses pre-separation metal contamination. 

45. A System according to claim 27, wherein Said con 
troller receives input signals from Said metal detector and 
Sends control Signals to Said controllable bleed valve via 
feedback control to maintain post-Separation metal contami 
nation at or below a Set point. 
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46. A System according to claim 27, wherein Said con 
troller receives input signals from Said metal detector and 
Sends control Signals to Said controllable bleed valve via 
feed forward control to maintain post-Separation metal con 
tamination at or below a Set point. 

47. An air classifier System, comprising: 
an elutriation assembly comprising a Substantially vertical 

Separation chamber having a material inlet, a light 
fraction material outlet, and a heavy-fraction material 
outlet; 

a feed fan; 
a feedstock conduit connecting Said feed fan and Said 

material inlet of Said Separation chamber; 
a separation fan; 
a light-fraction conduit connecting Said Separation fan and 

Said light-fraction material outlet of Said Separation 
chamber; and 

wherein the maximum cross-sectional area of Said Sepa 
ration chamber (i) is less than fifteen times the average 
cross-sectional area of Said feedstock conduit and (ii) is 
less than fifteen times the average cross-sectional area 
of Said light-fraction conduit; and 

wherein together Said feed fan and Said Separation fan 
produce average air Velocities of more than 500 feet per 
minute within Said Separation chamber. 

48. A system according to claim 47, wherein the maxi 
mum cross-sectional area of Said separation chamber (i) is 
less than about ten times the minimum cross-sectional area 
of Said feedstock conduit or (ii) is less than about ten times 
the minimum cross-sectional area of Said light-fraction 
conduit, or both. 
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49. A System according to claim 47, wherein the average 

cross-sectional area of Said separation chamber (i) is less 
than about five times the average cross-sectional area of Said 
feedstock conduit and (ii) is less than about five times the 
average cross-sectional area of Said light-fraction conduit. 

50. A system according to claim 49, wherein the average 
cross-sectional area of Said separation chamber (i) is less 
than about three times the average croSS-Sectional area of 
said feedstock conduit or (ii) is less than about three times 
the average cross-sectional area of Said light-fraction 
conduit, or both. 

51. A system according to claim 49, wherein said feed fan 
and Said Separation fan maintain Substantially constant 
Speeds. 

52. A System according to claim 49, further comprising a 
bleed valve positioned at Said light-fraction conduit, Said 
bleed valve manipulating air Velocities within Said Separa 
tion chamber. 

53. A system according to claim 49, wherein together said 
feed fan and Said Separation fan produce average air Veloci 
ties of more than 1,000 feet per minute within said separa 
tion chamber. 

54. A System according to claim 49, wherein together Said 
feed fan and Said Separation fan produce average air Veloci 
ties of more than 2,000 feet per minute within said separa 
tion chamber. 

55. A system according to claim 49, wherein together said 
feed fan and Said Separation fan produce average air Veloci 
ties of between about 1,000 and 3,000 feet per minute within 
Said Separation chamber. 


